To better understand what researchers and practitioners consider to be the key components of the definition of web accessibility and to propose a unified definition of web accessibility, we conducted an analysis of 50 definitions of web accessibility. The definitions were drawn from a range of books, papers, standards, guidelines and online sources, aimed at both practitioners and researchers, from the across the time period of web accessibility work, from 1996 to 2014 and from authors in 21 different countries. The analysis extracted six core concepts that are used in many definitions, which are incorporated into a unified definition of web accessibility as "all people, particularly disabled and older people, can use websites in a range of contexts of use, including mainstream and assistive technologies; to achieve this, websites need to be designed and developed to support usability across these contexts".
INTRODUCTION
Making the web accessible and usable by people with disabilities and older people has been a topic of considerable importance since early in its development [1, 2, 3, 4] . However, there is no widely agreed definition of web accessibility, although there are several well-known statements, such as Berners-Lee's [5] succinct and clear statement that "it is critical that the Web be usable by anyone, regardless of individual capabilities and disabilities". In addition, the relationship between web accessibility and web usability is unclear and subject to some debate [6, 7, 8] .
Is it a problem that there is no widely agreed and used definition? Web accessibility is a complex and multi-component concept, which perhaps needs a range of definitions. However, from a scientific point of view, having a complete, unified definition of web accessibility would provide a basis for guiding empirical studies that explore the relationship between the components of the concept and the relationship of web accessibility to other concepts such as web usability. As a research community, we should be able to speak with certainty about what we are varying and what we are controlling for in our studies in relation to a unified definition, making studies more comparable and making clearer what is new knowledge. From the point of view of understanding the accumulated knowledge about web accessibility, a unified definition is needed in order to judge progress and identify gaps in our existing knowledge with reference to each of the different components of the concept. From a design point of view, in order to move web design and assistive technologies forward, designers and developers require a definition that encompasses all components of web accessibility. Without such a definition, designers and developers run the risk of having only a portion of the picture of what will impact disabled and older users in their interactions with the web. Otherwise important aspects may be left out of design. An agreed and complete definition would allow designers and developers to interrogate their work in relation to the different components, allowing them to be more critical of their designs in a more structured way.
Petrie and Kheir [7] addressed the problem of the definition conceptually and more recently Yesilada et al [8] undertook a survey on this topic. The authors of this latter paper asked a wide range of people involved and interested in web accessibility for their opinions and comments on five different definitions of web accessibility [6] , [9, 10, 11, 12] . From a large number of respondents (they obtained 300 valid responses), they found that the most popular definition, chosen by 45% of respondents, was the definition given by the WAI [9] "web accessibility means that people with disabilities can use the Web. More specifically, Web accessibility means that people with disabilities can perceive, understand, navigate and interact with the Web, and that they can contribute to the Web". The second most popular definition, chosen by 32% of respondents, was from the Section 508 Amendment of the Rehabilitation Act in the USA [10] that "technology is accessible if it can be used as effectively by people with disabilities as those without". Preference for these two definitions was regardless of respondent age, country, work sector or profession.
There was a stronger preference amongst respondents with a scientific/technical education for the first definition, but this was not tested statistically. While these results are interesting, it is not clear whether there is a familiarity factor at work -respondents may have been choosing the definitions they have seen most often. This is hinted at by the fact that people with scientific/technical educations chose the WAI definition more frequently, as it may well be that they have been more exposed to this definition. So it would have been useful to ask respondents which definitions they were familiar with.
In this paper we have decided to take a different, yet complementary, approach to that taken by Yesilada et al [8] . We have gathered many different definitions from the extensive literature on web accessibility and conducted a conceptual analysis of these definitions, in order to better understand what are considered the key components of the definition of web accessibility by the practitioner and research community and to propose a unified definition of web accessibility, drawing on all these components.
METHOD
As part of a larger project, a comprehensive web search was conducted in four digital libraries (Google Scholar, ACM Digital Library, IEEE Xplore, Science Direct). Search terms were "website/web site/web-site/webpage/web page/web-page accessibility" and "accessibility of website/web site/website/webpage/web page/web-page". No time period was set for the search, although of course, all the papers returned were published after the invention of the Web in 1989, and most papers were published after 1995 when interest in web accessibility substantially increased.
From this pool of papers we then searched for papers which provided definitions of web accessibility. This has been achieved by searching for possible introductions of definitions with terms such as "web accessibility is …", "web accessibility means …", "web accessibility aims …" "definition of web accessibility … " and by manually skimming the Introduction and Background sections of papers.
This search has so far produced a total of 75 papers with definitions, four from guidelines and standards documents [9, 10, 11, 12] and 71 from published papers, books and online documents. All definitions are definitions of web accessibility in general, although some of the documents are about specific aspects of the concept, for example web accessibility for a particular user group. Papers which provided definitions about a particular aspect of web accessibility when not included in the corpus.
For this paper and as an initial test of our proposed approach, a sample of 50 definitions was analysed. This sample was taken from across the time period of web accessibility work, from 1996 to 2014, and included four guidelines and standards documents, 37 academic papers, three online documents and six books for practitioners. We deliberately sought to include materials used by practitioners as well as researchers, hence the inclusion of books for practitioners and online documents. In addition, we deliberately sought to represent an international view of web accessibility, so the definitions are proposed by authors from 21 different countries, including all continents apart from Africa (although one paper did investigate the accessibility of websites in Africa [13] ): Asia (Bangladesh India, Japan, Korea, Malaysia, Sri Lanka, Taiwan), Australasia/Oceania (Australia), Europe (Cyprus, France, Germany, Italy, Portugal, Romania, Spain and the UK) and the Americas (Argentina, Brazil, Canada, Ecuador, and the USA). The definitions are listed in the Appendix, with the sources, countries of the authors, and the antecedents of the definition and the authors understanding of web accessibility in general.
The analysis of the definitions was conducted in two phases. Firstly, all relevant content words were extracted from the definitions; grammatical variations (operate, operability) and close synonyms (anyone, all users) were grouped together. Secondly, all the content words were grouped into concepts. All these analyses were checked by at least two of the authors, and any errors or omissions corrected. Six concepts emerged from the analysis, these are summarized in Table 1 .
The analysis of the antecedents was conducted as follows: for antecedents to the definitions, only sources explicitly referred to in presenting the definition were noted.
For "general antecedents", the reference list of the document was studied and all references cited which were known to offer a definition of web accessibility were noted. We realize this second analysis is currently incomplete, as we have not been able to check every reference to see whether it offered a definition. This analysis is continuing, but some comments are made below on the results so far. Table 1 shows the number of definitions that included the six different concepts, including the number of important specific examples within the concepts. For example, 49 of the 50 definitions referred to groups of users or the characteristics of users, whether users with disabilities (35 definitions), or all users or as many users as possible (12 definitions). Interestingly, only three of the definitions referred explicitly to older users, although this user group is often considered within the scope of web (3) 7 (14%) accessibility and constitutes an important and growing proportion of the population. The fact that this group is not often mentioned means that many researchers and practitioners may not realize it might be a relevant group, or forget to consider it in working on web accessibility.
RESULTS
A further result of interest is the wide number of terms used to describe what people should be able to do as a result of web accessibility. Firstly, a large number of definitions use circular definitions -defining accessibility in terms of access (20 out of 50 definitions). Strictly speaking that is not useful, but it is understandable, as authors are concentrating on explaining other parts of the concept -the users, the technologies involved etc.
It is also interesting that the WAI definition of web accessibility [9] offers an excellent set of user actions: " … can use … can perceive, understand, navigate and interact with the Web". Yet few authors use these terms in full (Harper and Yesilada [14] being a notable exception), and it is disappointing that Harper and Yesilada are the only authors to mention the ability to contribute as part of web accessibility.
We also analysed the antecedents that authors quoted in relation to offering a definition of web accessibility. Surprisingly few authors refer back to previous definitions (24% of our sample) and very rarely discuss why they are proposing a new definition in comparison to a cited previous definition. This makes it very difficult to analyse what authors perceive to be the problems of previous definitions. However, a majority of authors (66%) do make general citations to previous papers or standards which offer definitions. So these authors likely are aware of previous definitions, even if they do not explicitly refer to them when offering their definition.
From this analysis we can put the concepts together into a unified definition of web accessibility that almost perfectly reflects the strength of importance of the concepts, as expressed by the frequency of mention in the 50 definitions. We can illustrate this in a "layers of the onion" diagram, shown in Fig. 1 , with the most important concepts at the core of the onion and concepts of less importance towards the skin of the onion.
From the onion diagram we can extract the following definition of web accessibility: "all people, particularly disabled and older people, can use websites in a range of contexts of use, including mainstream and assistive technologies; to achieve this, websites need to be designed and developed to support usability across these contexts".
This definition is long, but it includes all the components we have identified in web accessibility; this comprehensiveness we believe is pat of its strength. Figure 2 illustrates all the components of the definition and how they relate to each other.
DISCUSSION AND CONCLUSIONS
In this paper we set out to better understand what researchers and practitioners consider to be the key components of the definition of web accessibility and to propose a unified definition of web accessibility, drawing on all these components. To achieve this aim we analysed 50 definitions of web accessibility, drawn from a range of books, papers, standards, guidelines and online sources, aimed at both practitioners and researchers, from the across the time period of web accessibility work, from 1996 to 2014 and from an international selection of authors.
The analysis has led to a unified definition of web accessibility. This definition may be rather long, but accessibility is a complex concept with a large number of different components that are There was one element of the definitions that we were surprised by that bears further investigation. Only three of the definitions included references to older adults specifically in their list of users. While these users are no doubt included in the "all users" or "anyone" related references, it is odd that they appear in so few definitions. This is odd as much of the research literature, and certainly practitioner resources, refer to older users as being within the scope of web accessibility and given that older people are an important and growing sector of the population.
This work was conducted as part of a larger literature review about web accessibility and as more papers with definitions of web accessibility are found in this review, this analysis and our unified definition of web accessibility will be refined. This paper demonstrates that, while there is often debates and conflict around the definition of web accessibility, most viewpoints and definitions about web accessibility can be reconciled into a single shared definition. We hope that this definition, which brings together many concepts from different definitions of web accessibility, will be useful to both practitioners and researchers in the field. 
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The extent to which a website can be used by users with specified disabilities to achieve specified goals with effectiveness, efficiency and satisfaction in a specified context of use. Books, papers, online documents Paciello (1996) Paciello, M. 
USA
The bottom line with respect to web accessibility is whether an individual can perform a website's intended function(s). As there will be varying degrees in the ease with which users can do so, such a measure does not lend itself to a binary "approved" or "not approved" rating. With this in mind, the evaluator of any web page should (a) identify its perceived intended function(s) and (b) rate the page on a scale that measures the ease with which any user, including a user with a disability, can perform the intended function(s). 
Italy
Sometimes accessibility is defined in terms of effective-ness; now and then it is defined in terms of usability; but unfortunately there are too often claims that a web site is accessible simply because an automatic accessibility testing tool yielded no error. 
